A Reliability Prediction Method Based on Simulation Analysis  by Xuegang, Luo
 Procedia Engineering  99 ( 2015 )  219 – 223 
Available online at www.sciencedirect.com
1877-7058 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Chinese Society of Aeronautics and Astronautics (CSAA)
doi: 10.1016/j.proeng.2014.12.529 
ScienceDirect
“APISAT2014”, 2014 Asia-Pacific International Symposium on Aerospace Technology, 
APISAT2014 
A Reliability Prediction Method Based on Simulation Analysis 
Luo Xuegang * 
China Aero-Polytechnology Establishment, Beijing, 100028, China 
Abstract 
At present, customers demand more complex and reliable products to be developed with shorter time and more cost effectiveness. 
In the product development process, the traditional approach to reliability specification has been based on unrealistic reliability 
prediction by using standards, such as Mil-Hdbk-217 in the specific case of electronics equipment. In China at the product 
development stage, the reliability prediction is based on GJB 299. Often, the prediction methodology used assumes an 
exponential failure rate, meaning that random failures and faults are inevitable. And the reliability prediction method based on 
GJB 299 is not relevant to product design parameters. There need a new reliability prediction method to address the challenges 
that we face during the product development process. In this paper, we first analyses the component reliability of the product by 
reliability simulation based on physics failure theory. Then inputting the results of components reliability simulation and 
components degradation information to the functional model, we discuss the product reliability by reliability functional 
simulation. It is shown that we can accurately predict the reliability in the product development process by the proposed method. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Chinese Society of Aeronautics and Astronautics (CSAA). 
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1. Introduction 
Nowadays, rapid product development is a must. Short development cycles are the key to maintaining a 
competitive edge in the market. Despite short development periods, virtual product development needs you to 
achieve higher levels of maturity faster. In this case, reliability predictions play an important role in the product 
development process. The reliability prediction is a job for the estimation of reliability of products under a given 
 
 
* Corresponding author. Tel.: +86-10-84380274; fax: +86-10-64639893. 
E-mail address: xgluo@sina.com 
 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Chinese Society of Aeronautics and Astronautics (CSAA)
220   Luo Xuegang /  Procedia Engineering  99 ( 2015 )  219 – 223 
working conditions. It is a comprehensive bottom-up process. There are four main purposes of reliability prediction. 
The first is to evaluate that the proposed design scheme whether or not meet the reliability requirements. The second 
is to comprise different designs according to reliability level and provide a basis for cost-benefit tradeoffs and 
optimization in different design. The third is to find the weak link in the design and improve the design. The fourth is 
to provide basis for reliability growth test and making test plan and maintenance, logistics support plan. So the main 
value of reliability prediction is that it can be as a design method, and provide basis for design and decision making. 
Although in different stages of system design, need to adopt different prediction methods, from coarse to fine, it is 
expected that with the deepening and refinement the reliability prediction value should be accurate. However, the 
traditional approach to reliability prediction has been based on standards, such as Mil-Hdbk-217 in the specific case 
of electronics equipment[1]. In China at the product development stage, the reliability prediction is based on GJB 
299[2]. Often, the prediction methodology used assumes an exponential failure rate, meaning that random failures 
and faults are inevitable. Therefore, without the recognition that many failures can be prevented by attention to basic 
design details. And the traditional reliability prediction method, which is based on the fault logics of product 
composition units, has inherent limitations e.g., it is not relevant to product design parameters. In fact, because 
products generally operate under diverse environmental and usage conditions, its components may have many failure 
mechanisms. For some components, their failure rate is not constant and their performance is degradative with time. 
In other hands, for some highly-reliable products, we will use new technology, new material and new component, so 
some components failure rates cannot be looked for in standards. Therefore, the development of a new method that 
specifies a scientific approach to reliability prediction is very important. In this paper, first, using the geometric data, 
material data and structure data of product provided by the geometric digital prototype of the product, we analyses 
the component reliability of the product by reliability simulation based on physics of failure theory. Then taking the 
results of reliability simulation and components degradation information as inputs to the functional digital prototype 
and digital performance prototype, we analyze the product reliability by reliability functional simulation.  
The remainder of this paper is organized as follows. Section 2 presents a reliability simulation data analysis 
method for the component of the product. Section 3 introduces the degradation information analysis method. Section 
4 discusses the reliability prediction method. Section 5 concludes with a brief summary of this paper. 
2. Reliability simulation analysis based on physics of failure 
When we analyze components reliability by reliability simulation based on physics of failure, component’s 
primary failure mechanism should be within an acceptable degree of accuracy. The mechanism models should be 
adequately sensitive to operating scenarios and stresses. 
2.1. Simulation  analysis for components 
Reliability simulation based on physics of failure theory is utilizing the physics of failure theory to analyze 
reliability of product by simulation method. Many researchers have paid attention on the development of physics of 
failure methodology[3,4]. By addressing the root cause mechanisms and driving forces responsible for product 
failures the physics of failure approach can enhance reliability of products. However the physics of failure approach 
not only requires component’s primary failure mechanism models that should be adequately sensitive to operating 
scenarios and stresses, but also needs significant data about the product. Reliability simulation inputs not only 
include the product operational loads, environment loads such as temperature and relative humidity and vibration etc. 
but also include the geometric data, material data and structure data of product. Its outputs include ranked list of 
potential failure location and failure time etc. Reliability simulation based on physics of failure first built the 
computer aided design digital prototype, computational fluid dynamics digital prototype, and finite element analysis 
digital prototype of the product using commercial software such as CATIA, FLOTHERM and HYPERMESH 
individually based on the geometric data, material data and structure data provided by the geometric digital 
prototype of the product. Then utilizing the thermal analysis on the computational fluid dynamics digital prototype, 
reliability simulation can implement the heat-resistant design of the product and get the distribution of thermal stress. 
And utilizing the vibration analysis to implement the vibrate-resistant design of the product, figure out the high 
stress area and vibrate-resistant design bug of the product in the vibration environment, and it also can get the 
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distribution of vibration stress. Therefore, by reliability simulation, we not only obtain that how the loading profile 
affect the product with stress-response analysis and stress-damage analysis, the potential critical fault information 
will be determined, including the information of fault location, time to fault, etc.  
2.2. Determining  parameters of the cumulative distribution function 
Since a component may be having many failure mechanisms, and for each failure mechanism we can derive its 
fault information including the information of fault location, time to fault, etc. In order to derive the failure time 
probability density function for each failure mechanism, we should analyze the probability density function fitting 
method. Assuming we simulate n times, we derive the failure time 1t , 2 ,t , nt for one failure mechanism. 
For exponential distribution the cumulative distribution function is 
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Where K is the scale parameter and m is the shape parameter of the Weibull distribution. 
For normal distribution the cumulative distribution function is 
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Using (2) or (4) or (6), we can derive the parameters of the cumulative distribution function. This is we can obtain 
the cumulative distribution function for each failure mechanism. Therefore, we can derive the fault time probability 
density function for each failure mechanism. 
2.3. Simulation data analysis 
This section mainly analyzes the simulation data derived from the reliability simulation based on physics of 
failure theory. The analysis process is as follows: 
Step1  For each failure mechanism, we determine its  failure time probability density function using the method 
proposed in Section 2.2. And the failure distribution is obtained through the test of goodness of fit. 
Step2  Determining the main failure mechanism for every component. Assuming  this component has k  main 
failure mechanisms 
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Step3  Deriving the failure time probability density function based on k  main failure mechanisms. Let probability 
density functions of k  main failure mechanisms are respectively ( )ig t ˄ 1,2,i k ˅. For each failure mechanism, 
using Monte Carlo sampling method we derive their failure times 11 12 1, , , ,kt t t let 1min 11 12 1min{ , , , }kt t t t . And we 
again sample the failure date for their k  main failure mechanisms, and derive their failure times  21 22 2, , , kt t t , and 
let 2min 21 22 2min{ , , , }kt t t t . Repeat the above process, until the number of sampling reach 1000. Therefore we 
derive failure time of component 1mint ˈ 2mint ˈ ˈ 1000mint .Then using the method proposed in Section 2.2, we 
can derive the failure time probability density function of this component based  on its main failure mechanisms. 
3. Degradation information analysis 
Sometimes component performance will degrade with time, so degradation modelling is an important method for 
reliability prediction. The reliability can then be estimated as the probability that the degradation measure is less 
than a critical threshold value or its failure. Alternatively, if the degradation path was monotonically decreasing, 
then the reliability would be estimated as the probability that the degradation measure is greater than the critical 
threshold value or its failure, according to which is first happen. So in the following, we will analyze the degradation 
information for a component. 
3.1. A analysis for single degradation measure 
When a component only has one degradation measure describing its performance, the degradation measure may 
be a function of time ( )D t  or may be a random variable at time t . At time 0t , the degradation measure take the 
value 0( )D t  or a random data sampling from a defined probability density function. 
3.2. A analysis for multiple degradation measures 
Sometimes a component will have several degradation measures to describe its performance. For simple, we first 
take account of a simple case where three are two degradation measures, 1( )Y t  and 2 ( )Y t . The covariance between 
two degradation measures 1( )Y t  and 2 ( )Y t can be calculated by 
1 21 2 1 ( ) 2 ( )
cov( ( ), ( )) ( ( ) )( ( ) )Y t Y tY t Y t E Y t Y tP Pª º  ¬ ¼                                                                           (7) 
It is obvious that if 1 2cov( ( ), ( )) 0Y t Y t z ,  two degradation measures 1( )Y t  and 2 ( )Y t are dependent. 
When the two degradation measures are independent, we have 
1 1 2 2 1 1 2 2{ ( ) , ( ) } { ( ) } { ( ) }P Y t D Y t D P Y t D P Y t Dd d  d d                                                                      (8) 
When the two degradation measures are dependent, the covariance of them will be non-zero, and we obtain the 
following relationships: 
1 1 2 2 1 1{ ( ) | ( ) } { ( ) }P Y t D Y t D P Y t Dd d z d                                                                                           (9) 
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However, if we can estimate the joint probability density function from the observed degradation data or analysis, 
we can derive 
1 2
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Where 1 2( , )t tg y y is the joint probability density function of 1( )Y t and 2 ( )Y t . 
For any two degradation measures, ( )iY t  and ( )jY t , the covariance between two degradation measures ( )iY t  and 
( )jY t can be calculated by  
( ) ( )cov( ( ), ( )) ( ( ) )( ( ) )i ji j i Y t j Y tY t Y t E Y t Y tP Pª º  ¬ ¼                                                                           (13) 
When cov( ( ), ( )) 0i jY t Y t z ,  two degradation measures ( )iY t  and ( )jY t are dependent. In practice, if the estimated 
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covariance value is significantly not equal to zero, then the two degradation measures will be assumed to be 
dependent. On the other hand, if the estimated covariance is close to zero, it will be assumed equal to zero. 
Generally, if a product has  n  degradation measures 1 2( ), ( ), , ( )nY t Y t Y t and they are dependent, it can be 
expressed as  
2 1
1 1 2 2 1 2 1 20 0 0
{ ( ) , ( ) , , ( ) } ( , , , | )n
D D D
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Where 1 2( , , , | )t t ntg y y y t is the joint probability density function of n  degradation measures
1 2( ), ( ), , ( )nY t Y t Y t  at time .t When 1 2( , , , | )t t ntg y y y t is a multivariate normal distribution, it is as follows: 
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Reliability function simulation analysis 
In this Section, we analyses the reliability of the product by reliability simulation. Taking the failure time 
probability density function of component based on its main failure mechanisms and components degradation 
information as inputs to the functional digital prototype and digital performance prototype, we analyze the product 
reliability by reliability functional simulation. Generally until the degradation measurements cross a pre-specified 
critical level or until time when component failure, whichever comes first. We will use Monte Carlo simulation to 
compute an estimate of the product reliability. The detail calculation process can view the Ref.5. The different is in 
this paper the degradation measure either can be a random variable or a function of time. Sometimes a component 
will have several degradation measures to describe its performance. 
4.  Summary 
Our method can be used to make product reliability design decision which will make components and systems 
are more reliable and safer. Thereby avoiding redesign and retest cycles, with consequent cost savings and reduced 
product development times.  
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